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Abstract 
As molten salt has been widely used in solar thermal power and nuclear power system, its leakage was an important problem. In 
this paper, the high-temperature molten salt leakage is simulated by considering the effects of phase change and flow dynamics. 
During the molten salt leakage process, the liquid molten salt is cooled by the ground and air, so it will solidify, and then a thin 
solidification layer of molten salt forms. The whole high-temperature molten salt leakage process consists of three subprocesses: 
spreading process, stable solid front formation process and solidification process after leakage. According to the simulation 
result, the radius of the leakage opening mainly affects the radius of nitrate solidification layer, while the leakage temperature and 
the leakage velocity will influence both the radius and thickness of salt layer. Besides, different kinds of molten salt are also 
considered, and the radius of molten salt solidification layer with SYSU-N1 is smaller than that with Solar Salt. 
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1. Introduction 
Molten salt is widely used in solar thermal power system, such as Solar Two, ANDASOL 1 and ENEA [1]ˈand 
it has the advantages of low viscosity, low melting point, large heat capacity and chemical stability at high 
temperature. Meanwhile, thorium-based molten salt reactor is one of alternative reactors for the fourth-generation 
nuclear system [2]. In the future, the molten salt technology will play an important role in storing energy and 
generating power. 
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The researches on molten salt technology mainly concern with molten salt material and its heat transfer and 
storage performances. Peng et al. [3] improved the stability of high-temperature molten salt HTS (53%KNO3, 
7%NaNO3, 40%NaNO2) by adding additives, and then analyzed its thermal parameters. Shen et al. [4-6] simulated 
the molten salt flow in spiral groove tube using Fluent and experimentally proved that spiral groove tube could 
enhance the heat transfer. Other researchers [7-10] concentrated on the molten salt thermocline tank and enhancing 
the performance of molten salt thermal storage. However, high temperature molten salt leakage is seldom 
investigated. Different from the leakage of other industrial gas or liquid [11, 12], the molten salt will solidify after 
leakage.  
The investigation of high-temperature molten salt leakage process can help us to discuss the environment effect 
when the solar power system is crashed by some natural disasters. Since the research of molten salt leakage is very 
significant for the safety of molten salt system, the high-temperature molten salt leakage process in the solar power 
generation system is simulated in this paper. By using the numerical model, the temperature distribution and 
solidification layer of molten salt leakage system at different times are analyzed. In addition, the molten salt leakage 
and solidification process will be also discussed under different leakage conditions, such as leakage velocity, leakage 
temperature. 
 
Nomenclature 
A flow resistance (m/s)    y, r coordinates (m) 
Amush  mush zone constant (kgm-3s-1)    
c thermal capacity (Jkg-1K-1)   Greek symbols 
E apparent energy (J/kg)    Į volume fraction (-) 
f content of solid or liquid phase (-)   ȡ density (kgm-3) 
g gravity acceleration (ms-2)    ı surface tension (N/m) 
H latent heat (J/kg)     Ȝ thermal conductivity (Wm-1K-1) 
p pressure (Pa)     ȝ viscosity (kgm-1s-1) 
Q heat (J)      Subscripts 
R radius of inlet     0 ambient condition 
T temperature     in inlet condition 
t time (s)      g gas 
u velocity (m/s)     l liquid phase 
Y  velocity vector (m/s)    m molten salt 
v velocity (m/s)     s solid phase 
2. Physical model 
As shown in Fig. 1, molten salt leakage system is axisymmetric. The soil layer for the molten salt spreading after 
leakage is 10 m in radius and 0.1 m in thickness. The radius of leakage opening R will be set between 0.05~0.1 m, 
the molten salt temperature Tin will be set between 563~838 K according to the cool tank temperature in a parabolic 
trough solar power system and hot tank temperature in a solar power tower system [13]. The leakage velocity vin will 
be set between 0.02~3 m/s, and the leakage duration is 1 minute. In this paper, the ambient temperature T0 is 300 K, 
and the lower wall under the soil layer is an isothermal surface with T0. 
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Fig.1 Physical model 
Because the leakage process is a multiphase problem, volume of fluid (VOF) model [14] is used, and the 
interface between molten salt and gas is calculated by the continuum surface force (CSF) model. The continuity 
equations for the molten salt and gas phases are: 
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where PD  and JD  represent the content of molten salt and gas, and J   DD P , ggmm vvv DD  , mv  
and gv  represent the velocity of molten and gas. 
The momentum equation is: 
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where JJPP UDUDU  , A represents the momentum loss of molten salt in the mushy zone, g is the gravity 
acceleration, and j represents the vertical vector. 
The energy equation is: 
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The molten salt zone with solid and liquid phases will be described as: 
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where lf and ls ff  1 represent the content of liquid and solid respectively. 
The momentum loss of molten salt in mushy zone is: 
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where Amush represents the mushy zone constant, İ will be set as a small number (0.001) to prevent the division by 
zero. 
The heat generation in Eq. (3) is: 
t
fHQ lmm w
w
 UD                                                                                                                                                   (6) 
where H represents the latent heat of molten salt. 
In this paper, Solar Salt (60%NaNO3-40%KNO3) is used, and the thermal properties of solar salt are presented in 
Table 1. The thermal capacity and conductivity of soil are respectively 1000 J·kg-1·K-1 and 1.3 W·m-1·K-1. 
 
Table 1 Thermal properties of solar salt 
Thermal properties Data 
Melting point (oC) 220 
Latent heat (kJ·kg-1) 161 
Conductivity (W·m-1·K-1) 0.3901+0.00019T 
Viscosity (kgm-1s-1˅ 0.076-2.78×10-4T+3.49×10-7T2-1.47×10-10T3 
Density (kg·m-3) 2264-0.6361T 
Capacity (J·kg-1·K-1˅ 1396+0.172T 
 
In this paper, high-temperature molten salt leakage is investigated by Fluent 14.5 [14]. The computational 
domain contains 40200 unstructured cells. The Pressure-Implicit with Splitting of Operator is used in the simulation. 
Upwind scheme of first order accuracy is used to discretize the momentum and energy equation and the residual 
errors of velocity and energy are less than 10-5. The time step is 0.001s. 
3. The basic thermal and phase change performances during leakage process 
According to the simulation results, the high-temperature molten salt leakage process consists of three 
subprocesses: spreading process, stable solid front formation process and solidification process after leakage. In this 
section, molten salt leakage with R=0.1m, vin=3m/s and Tin=659K, will be taken as the example. 
After the molten salt flows on the ground, it will spread around and release heat to the environment, as shown in 
Fig. 2. At t=7s, the molten salt front will arrive the position of r=3.7m, and the temperature of molten salt front will 
drop to the molten salt solidification temperature of 493K in Fig. 3, so molten salt will begin to solidify as shown in 
Fig. 2 (b). Since the molten salt continued to spread, the previous solid layer will be melt after high temperature 
molten salt flows along. As a result, the solid molten salt front will spread and enlarge during the spreading process, 
as shown in Fig. 2 (b)-(c). 
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(c) t=12s 
Fig.2 The spreading process of molten salt (Tin=659K, R=0.1m, vin=3m/s) 
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Fig. 3 The temperature of molten salt front during the leakage process 
During the time 24-60 s, the solid molten salt front begins to be stable. At t=24s, the molten salt reached r=4.8m, 
and the solid here will not be melt. After that, only little molten salt will come cross the solid salt and spread 
outward slightly, and it will lead to the front temperature rise slightly as Fig. 3. During the stable solid front 
formation process, most molten salt will accumulate around r=5.1m and then flow back, as shown in Fig. 4. 
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(c) t=41s 
Fig. 4 The stable solid front formation process of molten salt (Tin=659K, R=0.1m, vin=3m/s) 
After the whole molten salt leakage is stopped, the molten salt will gradually solidify and stabilize as Fig. 5, and 
the temperature of molten salt front will slowly drop down as Fig. 3. Finally, a stable solid molten salt layer with 
thickness of 0.07 m and radius of 5.4 m will form. 
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(c) t=111s 
Fig. 5 The solidification process after leakage (Tin=659K, R=0.1m, vin=3m/s) 
As the molten salt spread outward, more and more soil will be heated, while the temperature of the soil’s surface 
will gradually decline after the molten salt leakage, shown as Fig. 6.After the molten salt leaks out, it will keep high 
temperature for a long time because of its large heat capacity. As shown in Fig. 7, the air temperature will quickly 
drop from the molten salt interface to the surrounding. 
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Fig. 6 Temperature distributions of soil’s surface at different times 
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Fig. 7 Temperature distributions at different times 
4. The leakage results under different conditions  
Fig. 8 presents the molten salt solidification layers with different leakage radii, where R=0.05 m, 0.0707 m, and 
0.1 m, vin=1 m/s, Tin=659K. From Fig. 8, the thicknesses of molten salt solidification layers with different leakage 
radii are all about 0.035m. The radii of molten salt solidification layers are respectively 2.21 m, 3.40 m, 4.37 m. As 
a result, the radius of the leakage opening mainly influences the radius of the molten salt solidification layer. 
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Fig. 8 Molten salt solidification layers with different leakage radii (vin=1m/s, Tin=659K) 
Fig. 9 presents the molten salt solidification layers with different leakage temperatures, where Tin=563K, 593K, 
659K and 838K, vin=1 m/s, R=0.1m. From Fig. 9, as the leakage temperature becomes higher, the solid layer’s 
radius will increase while its thickness will decrease. Since molten salt with high leakage temperature is hard to 
solidify, it will spread farther and the radius of solid layer is larger. As a result, the leakage temperature influences 
both the radius and thickness of the solid layer. 
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Fig. 9 Molten salt solidification layers with different leakage temperatures (vin=1m/s, R=0.1m) 
Fig. 10 presents the molten salt solidification layers under different leakage velocities, where R=0.1m, 
Tin=659K, vin=0.2m/s, 0.5m/s, 1m/s and 3m/s. The leakage velocity influences the thickness of the solidification 
layer as well as the radius. For large leakage velocity, the molten salt can flow farther, and then the radius of 
solidification layer is expected to be larger. Since the molten salt leakage quantity and heat exchange with soil both 
increase with leakage velocity, the effect on the radius and thickness of solidification layer will be complex.  
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Fig.10 Molten salt solidification layers with different leakage velocities (Tin=659K, R=0.1m) 
In order to consider the effects of different molten salt, the high-temperature molten salt leakage process with 
SYSU-N1 is further simulated and compared. The thermal properties of SYSU-N1 are presented in Table 2. 
 
Table 2 Thermal properties of SYSU-N1 
Thermal properties Data 
Melting point (oC) 136 
Latent heat (kJ·kg-1) 60 
Conductivity (W·m-1·K-1) 3.6383-0.0041T 
Viscosity (kgm-1s-1˅ 8.59×10-3-1.76×10-5×T+1.07×10-8T2 
Density (kg·m-3) 2936-1.82T 
Capacity (J·kg-1·K-1˅ 854+0.455T 
 
Fig. 11 presents the molten salt solidification layer of two kinds of molten salt, Solar Salt and SYSU-N1 [3], 
where R=0.1m, Tin=659K, vin=1m/s. Compared with Solar Salt, SYSU-N1 has larger thermal conductive and 
smaller heat capacity and latent heat , so the radius of molten salt solidification layer is smaller. 
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Fig. 11 Molten salt solidification layers with different kinds of molten salt (Tin=659K, R=0.1m, vin=1m/s) 
5.  Summary 
This paper mainly simulates the high-temperature molten salt leakage process, and the conclusions are as 
following: 
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The high-temperature molten salt leakage process consists of three subprocesses: spreading process, stable solid 
front formation process and solidification process after leakage. After the stable solid front forms, the solidification 
layer’s radius and thickness will be basically determined. 
The radius of the leakage opening mainly affects the radius of molten salt solidification layer, while the leakage 
temperature and the leakage velocity will influence both the radius and thickness of salt layer. 
Different kinds of molten salt will form different solidification layers because of their different thermal 
properties, and the solid layer of Solar Salt is thinner and larger than that of SYSU-N1. 
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